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ABSTRACT 
 
Background: Considering the increasing number of elderly people, dementia has gained an 
important role in today’s society. Although the contributing factors for dementia have not 
been fully understood, chronic periodontitis (CP) seems to have a possible link to dementia.  
Aim: To conduct a systematic review including meta-analysis in order to assess potential 
differences in clinical periodontal variables between patients with dementia and non-
demented individuals.  
Methods: The following focused question was evaluated: is periodontitis associated with 
dementia? Electronic searches in two databases, MEDLINE and EMBASE, were conducted. 
Meta-analysis was performed with the collected data in order to find a statistically significant 
difference in clinical periodontal variables between the group of dementia and the cognitive 
normal controls.  
Results: Forty-two articles remained for full text reading. Finally, seven articles met the 
inclusion criteria and only five studies provided data suitable for meta-analysis. Periodontal 
probing depth (PPD), bleeding on probing (BOP), gingival bleeding index (GBI), clinical 
attachment level (CAL) and plaque index (PI) were included as periodontal variables in the 
meta-analysis. Each variable revealed a statistically significant difference between the 
groups. In an attempt to reveal an overall difference between the periodontal variables in 
dementia patients and non-demented individuals, the chosen variables were transformed into 
units that resulted in a statistically significant overall difference (p< 0.00001).  
Conclusion: The current findings indicate that compared to systemically healthy individuals, 
demented patients show significantly worse clinical periodontal variables. However, further 
epidemiological studies including a high numbers of participants, the use of exact definitions 
both for dementia and chronic periodontitis and adjusted for cofounders are warranted.  
Clinical Relevance: These findings appear to support the putative link between CP and 
dementia. Consequently, the need for periodontal screening and treatment of elderly 
demented people should be emphasized.   
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INTRODUCTION 
Periodontitis is defined as a destruction of the supporting tissues of the teeth as a result of an 
inflammatory process induced by a microbial biofilm [1]. A measurable contribution of 
periodontal bacteria and inflammatory mediators to the systemic inflammation is underlined 
by the fact that those can enter the bloodstream and disseminate systemically [1]. According 
to recently published data, 743 million people or 10.8% of the population were affected by 
severe chronic periodontitis (CP) worldwide. The age-standardized prevalence and incidence 
of severe chronic periodontitis in 2010 was 11.2% (95% CI 10.5-12.0) [2].  
Dementia was defined by the American Psychiatric Association in 2013 as follows: a 
neurodegenerative process leading to a significant decline of memory which interferes with 
daily activities, such as recognizing and identifying objects and persons, thinking abstractly 
or performing complex tasks [3]. Regarding to the meta-analysis of Prince et al. in 2013, the 
estimated global prevalence of dementia in a population > 60 years of age was between 5% 
and 7%. The estimation of demented people in 2010 was 35.6 millions worldwide and 
according to further calculations the number will be doubled every 20 years which means an 
approximated total of 65.7 million affected people in 2030 and of 115.4 million in 2050 [4].  
With 60-80% cases of the dementia patients, Alzheimer's disease (AD) is nowadays the 
most common type of dementia and has gained importance during the past 30 years [3]. 
Histopathologically, two main hypotheses explain the neurodegenerative process in AD: the 
amyloid-beta peptide hypothesis and the tau hypothesis [5]. The amyloid-beta hypothesis is 
based on an abnormal process of cutting of the extracellular domains from the 
transmembrane amyloid precursor protein by the β-secretase and the γ-secretase into 
insoluble peptides called AbpE2-42. These insoluble peptides form the senile plaque with its 
potential of self-aggregation into fibrils [6]. According to the tau hypothesis, the microtubule-
associated tau protein is abnormally hyperphosphorylated and is able to form neurofibrillary 
tangles leading to destruction of the neurons [6]. The in vivo study with mice by Bloom et al. 
[5] in April 2014 showed a possible interaction between tau protein and amyloid-beta and 
thus a connection between both hypotheses. But as in many chronic diseases there are 
multiple factors rather than a single cause of AD. Another possible mechanism suggested by 
Jawhar et al. in 2011 [7] might be a crucial role of the glutaminyl cyclase. The glutaminyl 
cyclase catalyzes the formation of AbpE2-42 and following an overexpression of these 
peptides it induces a severe decline of neurons [7]. Three genes (APP; PSEN1 and PSEN2) 
and one genetic risk factor APOEε4 allele have been associated with autosomal dominant 
familial AD so far [8].  
On the other hand, theories assuming that microorganisms from the human mouth are able 
to spread over the whole body are discussed [1]. Nowadays, considering the focal infection 
theory experts have made the suggestion of periodontal disease as a possible cause of 
systematic disease, such as AD [9].  
There have been recent reviews reporting a putative association between CP and dementia. 
Most of the studies reported the number of teeth, tooth loss or the decayed, missing and 
filled teeth (DMFT) [10-12]. In 2015, Foley et al. [13] published a systematic review 
comparing individuals with dementia and without analyzing the number of teeth, the DMFT 
record and the number of carious teeth. Individuals with dementia had significantly fewer 
teeth (mean difference:  -1.25, 95% CI -0.832; -5.89, p<0.0001; n=8 studies), a significantly 
higher number of decayed, missing and filled teeth and a higher number of carious teeth [13]. 
In the systematic review published in 2016 the association between oral health (assessed 
mainly by the number of teeth) and cognitive status was reported [14]. Also in the most 
recent review by Tonsekar et al. [15] in 2017 tooth loss and the possible association between 
periodontal disease and dementia was discussed.  
Until now, to the best of our knowledge, no systematic review is available including meta-
analysis comparing the clinical periodontal variables of patients with dementia and without as 
assessed in cross-sectional studies. Therefore, the aim of this systematic review including 
meta-analysis was to assess potential differences in clinical periodontal variables between 
patients with dementia and non-demented individuals. 
  
MATERIAL AND METHODS 
Sources  
An electronic search was conducted by two reviewers (A.M. and S.E.). All studies were 
included in this review published until the 12th of September 2016:  
The National Library of Medicine (MEDLINE by PubMed) and EMBASE using the following 
MeSH terms ((Alzheimer’s Disease OR Alzheimer OR Cognitive Decline OR Dementia) AND 
(Periodontal Disease OR Periodontitis)). 
No restrictions were applied in any search.  
 
 
Search Strategy 
Electronic database search revealed 476 articles. 290 titles were found in EMBASE and 186 
in MEDLINE. After excluding 138 duplicates, 338 titles remained for the focused screening. 
231 titles and 65 abstracts dropped out after the first screening meeting the following 
exclusion criteria:  
- Titles and abstracts not focusing on the association between dementia and periodontitis 
- Titles and abstracts only investigating the relationship between tooth loss or number of 
teeth in demented patients 
- Reviews, commentaries, replies and posters 
- No abstract and/or text available 
- Animal studies.  
If only one searcher has excluded a title or an abstract, the full article was retrieved and 
analyzed. The reviewers reached a Kappa-value of 0.96. 
 
Data analysis for the systematic review 
Forty-two abstracts remained for full text reading and full data recording. Only seven studies 
[16-22] complied with the following inclusion criteria and were considered for the systematic 
review:   
- Studies in English 
- Human studies 
- Studies reporting periodontal indices or measurements 
- All indices or measurements assessing the mean value and its standard deviation (SD) 
and/or standard error (SE) and/or range 
- Studies comparing a case to a control group  
- At least a total of 10 participants in each group 
- Age of the participants ≥ 50 years.   
Data analysis for meta-analysis 
The seven articles included in this systematic review are listed in Table 1. The collected data 
of the two papers of Zenthöfer et al. [18, 21] were assessed as one study in the further meta-
analyzes. The 35 excluded articles after full text screening were neither a case-control 
schema nor reported a mean value with SD, SE or range were reported or could be extracted 
accurately from the data. The excluded papers are listed in Table 2 and Table 3.  
After data extraction it became obvious that various periodontal variables were used to show 
an association to dementia. It was decided to focus on the most common five clinical 
variables: Plaque Index (PI); Bleeding on Probing (BOP); Gingival Bleeding Index (GBI); 
Periodontal Probing Depth in mm (PPD) and the Clinical Attachment Loss in mm (CAL). Five 
studies reported the mean and the standard deviations (SD) of the clinical variables. One 
study [22] only compared the mean number of teeth with periodontal pocket depth ≥4mm 
between AD patients and non-demented individuals. Although the study fulfilled the inclusion 
criteria the way of presenting a difference between AD patients and control group was not 
comparable to the other five studies and it was excluded from meta-analysis. The 
Community Index of Periodontal Treatment Needs (CIPTN) was recorded only in one study 
[18, 21] and following not considered in the meta-analysis. Finally, five studies were included 
to the meta-analysis.  In Table 4 the five variables (BOP, PI, GBI, PPD and CAL) with mean 
values and the standard deviations (SD) are listed.  
 
Quality assessment of the studies 
In order to assess the quality of the five chosen studies a modified Newcastle-Ottawa Scale 
(NOS) for case-control and cross-sectional studies was used [23]. Qualitative points were 
given in terms of the selection and comparability of the study groups and the assessment of 
the outcome and the exposure (Table 4).   
 
Statistical evaluation 
The first step of statistical calculation consisted of screening and completing of all data for 
further analysis. The data (mean value and standard deviation) of each periodontal variable 
were pooled using a weighted average and weighted standard deviation. After that the 
weighted mean difference from each periodontal variable was calculated and presented in 
Forest plots (Fig. 2, A-E).  
Not every study included all five variables. Thus, the effect size of a single variable was 
weighted independently for the same study in a second step. An overall difference in the 
periodontal variables between the dementia patients and individuals was calculated. In order 
to fulfill a comparison each variable was standardized, meaning a conversion to unit-less 
effect sizes. Standardization of the effect size is needed when the units are not the same [24] 
(Fig.3). The data preparation was performed in EXCEL© and for the statistical calculation 
and illustration REVIEW MANAGER 5.3© was chosen. 
 RESULTS 
Study characteristics 
The five studies included for meta-analysis were three case-control studies [16, 17, 20], a 
cohort study [18, 21] and a cross-sectional study [19]. In all studies the individuals were ≥ 50 
years and included between 52 and 409 study participants. In four of five studies [16, 18-21] 
a definition for CP and for dementia were found. Three [16, 19, 20] of the five studies chose 
the diagnosis criteria of the Diagnostic and Statistical Manual of Mental Disorders-IV for 
dementia from the National Institute of Neurological and Communicative Disorders and 
Stroke-Alzheimer's Disease and Related Disorders Association [25]. One study [18, 21] 
screened participants for dementia using the Mini Mental State Examination (MMSE) 
developed by Folstein et al. [26] and another one [19] used the practical guide of Mungas et 
al. [27]. All studies reported at least one or more clinical periodontal variables. All variables 
were documented in mean values and the standard deviation (SD).  
 
Qualitative assessment results 
Two of the case-control studies [16, 20] accomplished the full score. The third case-control 
study [17] achieved only 6 points as neither inclusion or exclusion criteria for the case group 
and for the control group nor the assessment tool in order to define dementia were reported.  
Even though the study of Zenthöfer et al. [18, 21] was described as a prospective cohort 
study, no follow-up was made and it was therefore assessed with the cross-sectional schema 
of NOS.  Both studies [18, 19, 21] obtained six out of seven points. Martande et al. [19] could 
not accomplish a satisfactory number of participants (≥ 200 participants). And the study of 
Zenthöfer et al. [18, 21] was conducted in nursing homes in Germany, and therefore it 
represented only a particular group and not the general populations. Only residents in 
nursing homes were considered. The results of the NOS Assessment are shown in Table 4.  
Statistical analysis 
Only articles where the mean values and the SD could be extracted accurately from the 
reported periodontal measurements proceeded to meta-analysis. As mentioned above, from 
the seven studies included to the systematic review, only five studies remained in the two 
steps statistical analysis (Table 4; Fig. 2, 3). The comparison between dementia patients and 
controls revealed statistically significant mean differences in both steps. The first step 
analysis showed a significant weighted mean difference (Fig. 2, A-E) of 35.72% (95% CI: 
31.95-39.50, p<0.001) in BOP; of 2.53 mm in CAL (95% CI: 2.42 - 2.63, p<0.001); of 6.98% 
in GBI (95% CI: -0.11-14.07, p=0.05); of 15.95% in PI (95% CI: 8.26 - 23.64, p<0.001) and of 
1.46 mm in PPD (95% CI: 1.30 - 1.62, p<0.001). All analyzed clinical periodontal variables 
were significantly higher in the dementia groups (Fig.2).  
In the second step of analysis the whole data with standardized mean differences was 
analyzed. Here, the overall mean difference between dementia group and non-dementia 
group showed a positive result of 0.53 (95% CI: 0.44, 0.62). The Z-value of the test for 
overall effect reached 11.07 (p<0.001) (Fig.3).  
 
DISCUSSION 
According to our present knowledge a meta-analysis comparing the differences in clinical 
periodontal indices between patients with dementia and non-demented individuals has been 
published up to now. This review and meta-analysis focused on the possible differences in 
clinical periodontal variables between demented patients and non-dementia controls. 
Validated neuropsychological tests were used to distinguish both groups.  After running an 
electronic research in the databases of MEDLINE and EMBASE, five studies were included 
for the meta-analysis.  
The results showed that periodontal parameters were significantly higher in patients with 
dementia than in subjects without cognitive decline. First analysis resulted in statistically 
significant mean differences between the dementia group and the control group in BOP, 
CAL, PI and PPD and GBI.  
The second analysis provided the overall mean difference (p<0.001) between the periodontal 
indices of the dementia group and non-demented group. In order to evaluate an overall mean 
difference, each periodontal variable was turned into a unit-less effect size and weighted 
independently for each study. This result is in line with that of an AD study showing, that 
clinical periodontal variables in cognitively normal healthy patients are positively associated 
with the load of amyloid-beta protein in the brain [28].   
However, when interpreting the results, there are a few limitations that have to be 
considered. A considerable heterogeneity exists among the studies regarding the definition 
of dementia and CP. The cognitive status of the patients was validated by using different 
neuropsychological tests. In most of the studies, the MMSE scores were crucial for 
distinguish the "demented" and "non-demented" groups. In the study cohort analyzed by 
Zenthöfer et al. [18, 21], subjects were considered suffering from dementia scoring equal or 
below 20 in the MMSE score.  AD was diagnosed by a neurologist, according to the 
NINCDS-ADRDA criteria, in three different studies [16, 19, 20]. Two of them completed the 
AD diagnosis not only with the NINCDS-ADRDA but also with a structural neuroimaging [16, 
19]. It has to be mentioned, that three of the included studies only considered the Alzheimer 
type of dementia [16, 19, 20] and the other two do not differ between dementia types [17, 18, 
21]. Moreover, the definition of chronic periodontitis varied among the studies. Gil-Montaya et 
al. [16] evaluated the degree of periodontitis by the percentage of sites with CAL > 3 mm, Rai 
et al. [17] defined periodontitis as a CAL of 6 mm and more at least one site, while Zenthöfer 
et al. [18, 21] used the scoring of the Community Periodontal Index of Treatment Needs 
(CPITN) to diagnose periodontitis. It can be assumed that the authors were aware about the 
limitation of CPITN using only PPD and not CAL and differentiated between gingival 
overgrowth and periodontal destruction.  
Another aspect interfering with a cause-related association between CP and dementia is the 
incomplete adjustment for confounders. Besides age, smoking is considered as a common 
risk factor for dementia [29](26) as well as for periodontitis [30]. Tobacco status was reported 
in two studies [16, 17] while no information was given in the other studies [18-21]. 
Furthermore, the implications of cognitive impairment on oral health must be considered as 
well. Previous studies reported that patients with dementia might be less capable to perform 
sufficient oral hygiene [31]. A recent study in residential aged care facilities showed that oral 
hygiene status in residents with dementia was worse although those received assistance in 
oral care [32]. That result was explained with the resistive behavior of demented patients 
towards oral hygiene care [32]. As a further limitation, the low number of studies included in 
the meta-analysis has to be considered. Only five studies were accurate for meta-analysis.  
Possible pathomechanisms for periodontitis to contribute to dementia were postulated. First, 
bacteria being associated with periodontitis may spread from the periodontal region to the 
blood system and into other organs in the body. Second, microbial toxins and inflammatory 
mediators enter and damage the vascular system [33]. Few studies showed that TNF- alpha 
levels were significantly higher in dementia and periodontitis subjects than in controls [17, 
34]. And recent studies support an invasive infection where Porphyromonas gingivalis 
passed the blood-brain-barrier and invaded the AD brain [35-37]. Increased antibody levels 
also against other oral bacteria were reported. E.g., patients with increased Actinomyces 
naeslundii serum IgG had a higher risk of developing AD than the controls [38] and elevated 
antibody levels to Fusobacterium nucleatum and Prevotella intermedia were assessed in the 
AD subjects compared to the controls.  
Only few longitudinal studies followed demented patients receiving oral care and reported the 
relation to the cognitive status [29, 39, 40]. One study showed a statistically significant 
improvement (p < 0.05) in the MMSE score after 24 months in the oral care group compared 
to the group not receiving oral care. Both groups started with a similar MMSE score at 
baseline [40]. A four-year prospective cohort study of older Japanese people reported an 
increased risk for developing dementia when not visiting regularly a dentist and not taking 
care of dental health [29]. The hazard ratios revealed 1.44 (95% CI: 1.04 - 2.01) for patients 
not visiting the dentist and 1.76 (95% CI: 0.96 - 3.20) for patients not looking after oral health 
at all [29].  Another study revealed in a 32-years follow-up of 597 community-dwelling men 
that the risk for a low MMSE score increased by 2-5% for each tooth with progressed loss of 
alveolar bone or progressed probing pocket depth [39]. A loss in bone height was considered 
when loosing at least 40% from baseline and a progression in probing pocket depth was 
defined as an increase of at least 2 mm probing pocket depth [39]. In the view of these 
results, it may be anticipated that an adequately performed periodontal therapy and 
maintenance may be beneficial to reduce the risk for dementia.  
However, the limited number of patients included in the studies does not provide 
representative epidemiological data and therefore, more epidemiological studies including a 
high numbers of participants using exact definitions both for dementia and chronic 
periodontitis and adjusted for cofounders are warranted.  
 
CONCLUSION 
In summary, the present data indicate that demented patients show significantly worse 
clinical periodontal variables as compared to systematically healthy individuals and appear to 
support the putative link between CP and dementia. Consequently, the need for periodontal 
screening and treatment of elderly demented people should be emphasized.  
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Fig. 1: Search strategy   
 
 
 
 
 
  
MEDLINE: 186 Articles 
 
EMBASE: 290 Articles 
476 articles found 
through database 
searching 
338 titles after 
excluding duplicates 
42 abstracts for full text 
reading 
5 studies remaining for 
meta-analysis 
138 duplicates 
excluded 
231 titles excluded 
65 abstracts excluded 
due to exclusion 
criteria 
35 texts not meeting the inclusion criteria 
 7articles remaining for 
systematic review 
 
 
 
Fig. 2: The weighted mean differences for the five periodontal variables: BOP (A), CAL (B), GBI (C), PI (D) and PPD (E) between the dementia group 
and the control group.  
The total mean difference between control group and dementia group was statistically significant in every periodontal variable. 
 
 
  
 
 
 
 
Fig. 3: The standardized mean difference of all periodontal variables between the dementia group and the control group  
In total the result was statistically significant (p < 0.00001).   
 
 
 
  
Table 1. Studies included in the systematic review 
 
Study & 
Country 
Study type Age n (AD) n (C) Def. Dementia Def. PD Periodontal 
measurements found 
 
Gil- Montaya et 
al.; Spain [16] 
 
Case-control 
study 
 
51- 98 
 
180 
 
229 
 
Diagnosis criteria from the Diagnostic 
and Statistical Manual of Mental 
Disorders-IV for dementia, from the 
National Institute of Neurological and 
Communicative Disorders and Stroke-
Alzheimer's Disease and Related 
Disorders Association (= NINCDS-
ADRDA work group) 
 
PD was defined by the percentage of 
sites with AL > 3mm as follows:  
0% = absent; 0-32% = mild; 33-66% = 
moderate; 67-100% = severe 
 
PI, BOP, PPD, CAL 
Rai et al.; India 
[17] 
Case-control 
study 
58-69  55 32 - ≥ 6mm loss of clinical attachment BOP, PPD, CAL 
Zenthöfer et 
Baumgart et al.; 
Germany [18] 
Cohort study 54-102 136 83 MMSE score ≥ 20 Community Index of Periodontal 
Treatment Needs (CPITN) including 5 
scores: 0= healthy; 1-2 = gingivitis; 3= 
moderate; 4= severe CP   
GBI, CIPTN 
Martande et al.; 
India [19]  
Cross-
sectional 
study 
50-80 58 60 Diagnosis criteria according to the 
NINCDS-ADRDA work group and 
MMSE score: 21-25= mild dementia; 11-
20 = moderate dementia; > 10 = severe 
dementia 
- BOP, CAL, PPD, GI per 
teeth; PI per teeth 
Cestari et al.; 
Brasil [20] 
Case-Control 
study 
56-87 25 21 Diagnosis criteria according to the 
NINCDS-ADRDA work group 
- PPD, PI, GBI, CAL 
Zenthöfer et 
Schröder et al.; 
Germany [21] 
Cohort study 54-107 57 36 MMSE score ≥ 20 Community Index of Periodontal 
Treatment Needs (CPITN) by Ainamo et 
al. including 5 scores: 0= healthy; 1-2 = 
gingivitis; 3= moderate; 4= severe 
periodontitis 
CIPTN, GBI, PI 
Syrjälä et al.; 
Finland [22] 
Cross-
sectional 
study 
≥ 75 49 278 Diagnostic criteria of the American 
Psychiatric Association according to the 
Diagnostic and Statistical Manual of 
Mental Disorders, 4th edition 
The number of teeth with periodontal 
pockets 4mm deep or more.  
Number of teeth with 
periodontal pocket ≥ 4mm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2. Studies excluded because of lacking a case-control schema  
 
 
 
 
  
Number Author Year Detailed exclusion criteria 
1 Lewis et al. [41]  2001 Only dementia patients, no control/reference group 
2 Wu et al. [42] 2007 Cross sectional study, no case-control groups 
3 Noble et al. [43]  2009 Cross sectional study, no case-control groups 
4 Philip et al. [32]  2012 Cross sectional study, no case-control groups  
5 Kamer & Morse et al. [44]  2012 No dementia patients, only PD and healthy patients  
6 Naorungroj& Slade et al. [45] 2013 Cross sectional study, no case-control groups 
7 Cicciù et al. [46] 2013 Only dementia patients, no control/reference group 
8 Farhard et al. [47] 2014 Only dementia patients, no control/ reference group 
9 Naorungroj & Schonbach et al. [48] 2015 Prospective cohort study, no case-control groups 
10 Kamer & Pirraglia & Tsui et al. [28] 2015 No dementia patients, only healthy patients 
11 Ide et al. [49] 2016 Only dementia patients, no control/reference group 
12 Iwasaki et al. [50] 2016 Prospective cohort study, no case-control group 
Table 3. Articles with no mean, SD, SE or range and therefore excluded 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Number Author Year Detailed exclusion reason 
14 Ship et al. [51] 1994 Only differences in oral health parameters 
15 Chalmers et Carter et al. [52] 2003 Only caries experience and oral health characteristics 
16 Gatz et al. [10] 2006 Only tooth loss reported 
17 Kim et al. [53] 2007 Only teeth number reported 
18 Chen & Lin et al. [11] 2009 Only tooth loss reported 
19 Kamer & Craig et al. [34] 2009 Mean and SD for TNF-alpha in Plasma 
20 Hopcraft et al. [12] 2010 No PD indices/ measurements reported 
21 Kaye et al. [39] 2010 Only Hazard Ratio for PPD, participants' age < 50 years 
22 Hatipoglu et al. [54] 2011 Only DMFT and tooth number  
23 Arrivé et al. [55] 2011 Only Cox proportional hazard model  
24 Miranda et al. [56]  2012 Only edentulism reported  
25 Sparks Stein et al. [57] 2012 Only SD for Serum IgG levels against periodontal pathogens  
26 Chen & Clark et al. [58] 2013 Only calculus-plaque-gingival Bleeding prevalence  
27 Stewart & Weyant et al. [59] 2013 Only quartile measurements of oral health parameters and OR 
28 Noble et al. [38] 2014 Only Cox Proportional Hazards Regression Models 
29 De Souza Rolim et al. [60] 2014 Only prevalence of periodontitis, n (%) 
30 Bramanti et al. [61] 2015 Only pocket depth prevalence > 4mm 
31 Stewart & Stenman et al. [62] 2015 Only tooth number reported 
32 Chu et al. [31] 2015 Only pocket depth prevalence > 4mm 
33 Lee et al. [63] 2016 Only Risk Hazard Ratio 
34 Tzeng et al. [64] 2016 Gingivitis patients in PD group included 
35 Shin et al. [65] 2016 Only prevalence of periodontitis, n (%) 
Table 4. Evaluation of the study quality using modified Newcastle-Ottawa Scales (NOS)  
Study Selection Comparability Exposure/ Outcome Total points 
 
Case-control study   A B C D          E    F    G   H   I  
Gil-Montaya et al. [16]   1 1  1 1          1     1     1   1   1 9/9 
Rai et al. [17]   0  1  1 0           1     1        0   1   1  6/9 
Cestari et al. [20]   1 1  1  1          1     1     1   1   1 9/9 
 
Cross sectional study   a  b  c  d    e       f     g  
Martande et al. [19]   1  0  1  1               1       1    1 6/7 
Zenthöfer et al. [18, 21]     0 1  1  1 1       1    1 6/7 
 
A: Precise definition of the case group (e.g. exclusion/inclusion criteria) 
B: Representativeness of the cases in the ≥ 50 populations 
C: Representativeness of the controls in the ≥ 50 populations 
D: Precise definition of the control group (e.g. exclusion/inclusion criteria) 
E:  Study controls tested for periodontitis 
F: Study controls for additional factors (socioeconomic factors, smoking, diet, etc.) 
G: Assessment of dementia- independent blind assessment/ record using validated assessment tools as MMSE; diagnosis criteria from NINCDS-ADRDA 
H: Ascertainment of dementia and CP exposure - clinical evaluation 
I: Same method of ascertainment for cases and controls 
 
a: Truly or somewhat representative of the average ≥ 50 populations 
b: Sample size is justified and satisfactory (≥ 200 participants) 
c: Comparability between dementia group and non-dementia group is established, and the dementia rate is satisfactory 
d: Ascertainment of the risk factor (dementia): Validated measurement tool (such as MMSE or diagnosis criteria from NINCDS-ADRDA) 
e: Comparability of the groups on the basis of analysis: all were examined independently for dementia and for CP 
f: Independent blind assessment of the outcome /record linkage 
g: The statistical test used to analyze the data is clearly described and appropriate, and the measurement of the association is present, including mean, SD and the probability level (p-
value) 
 
 
 
 
  
Table 5. Clinical periodontal variables used for meta-analysis  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Periodontal 
variable 
Study n  
dementia 
n 
control  
mean (SD) for 
dementia  
mean (SD) for 
control 
PI (%) Zenthöfer et al. [21] 57 36 90.1 (13.1) 73.3 (25.1) 
PI (%) Cestari et al. [20] 25 21 71.87 (26.58) 58.47 (26.52) 
BOP (%) Gil- Montaya et al. [16] 180 229 63 (31.1) 50.6 (34.2) 
BOP (%) Rai et al. [17] 20 32 89.12 (15.6) 29.17 (5.43) 
BOP (%) Martande et al. [19] 18 60 67 (12.36) 29.17 (5.43) 
PPD (mm) Gil-Montaya et al. [16] 180 229 3 (0.7) 2.6 (1.5) 
PPD (mm)  Rai et al. [17] 20 32 4.81 (0.78) 1.89 (0.67) 
PPD (mm) Martande et al. [19] 18 60 5.02 (0.56) 2.39 (0.5) 
PPD (mm) Cestari et al. [20] 25 21 2.82 (1.68) 2.63 (3.25) 
CAL (mm) Gil-Montaya et al. [16] 180 229 4.9 (1.6) 4.5 (1.8) 
CAL (mm)  Rai et al. [17] 20 32 4.02 (0.23) 1.23 (0.21) 
CAL (mm) Martande et al. [19] 18 60 5.58 (0.58) 2.76 (0.55) 
CAL (mm)  Cestari et al. [20] 25 21 4.15 (3.90) 3.92 (1.44) 
GBI (%) Zenthöfer et al. [18] 136 83 53.8 (27.7) 48.8 (28.9) 
GBI (%) Cestari et al. [20] 25 21 46 (33.32) 29.17 (26.58)  
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